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Introduction
Increased birthweight is associated with better infant health and lower infant mortality. Most biomedical scholars regard this association as causal, a fact that is disputed by some economists. 1 Moreover, some argue that birthweight is associated with positive outcomes beyond infancy. [2] [3] [4] Because of this, there has been a great deal of research on antecedents of birthweight. It is widely recognised that there are differentials in birthweight by maternal socio-economic status (SES), although there is still much we do not understand about the role of maternal SES as an antecedent of birthweight.
The dimensions of maternal SES that have received the most attention are income and education at the time of pregnancy. [4] [5] [6] Scholars hypothesise that educated women are more likely to seek out, understand and comply with medical advice on optimal behaviour during pregnancy. In addition, women with more income are more likely to have the resources to seek such advice, as well as to have the resources to comply.
Recently, Conley and Bennett have identified a fixedeffects model examining the effects of income at the time of pregnancy on birthweight within infant sibling groups, taking advantage of the fact that a mother's household income is often different at the time she gives birth to each of her children. 4 Their results indicate there is no effect of income on birthweight, and lead those authors to question the importance of SESor at least income -as a determinant of infant birthweight. Conley and Bennett's fixed-effect approach, however, precludes the examination of maternal SES during childhood, because this cannot vary across a woman's children. Of course, this is not a problem if maternal SES in childhood has no effect on infant birthweight above and beyond its correlation with maternal SES at the time of pregnancy.
Whether or not socio-economic well-being in childhood has lasting effects on health across the lifespan is a question with wide currency among epidemiologists. 7 Preston and colleagues 8 have delineated four hypotheses about low SES in childhood and adult health. The first is the 'scarring' hypothesis, whose proponents argue that children with low SES are more likely to experience adverse health events with longlasting consequences that directly and negatively affect health in adulthood. The second hypothesis, called 'acquired immunity', posits that adults who were low SES in childhood are more likely to have been exposed to infectious disease in childhood, and therefore predicts that they will exhibit higher levels of resilience to infectious disease in adulthood. The third hypothesis is called 'selection' and calls attention to how adults who survive a low-SES childhood might be 'positively selected' for good health. The difference between the selection hypothesis and the acquired immunity hypothesis is that the former emphasises underlying resilience rather than immunity to specific infectious diseases. Finally, the fourth hypothesis is called 'correlated environments'. Proponents of this last hypothesis argue that any association between childhood SES and poor health outcomes is spurious and merely the consequence of the fact that children from low SES backgrounds are more likely to be low-SES adults. According to this view, it is the latter (low SES in adulthood) that actually affects health.
In more recent models of socio-economic health disparities in reproductive and perinatal health, an additional hypothesis has been advanced regarding cumulative stress. [9] [10] [11] If the cumulative stress hypothesis is correct, then some people -those whose adult SES is higher than that of childhood -may 'outgrow' the health risks of low childhood SES when their environments improve in adulthood. Others, who enjoyed relatively favourable circumstances in childhood, are less vulnerable to the health risks of low adult SES if it occurs, because they have not experienced these environmental risks for their entire lives. The cumulative stress model suggests that there may be interactions between childhood and adult SES effects on health.
In this paper, we explore two questions. First, are both maternal SES in childhood and maternal SES at the time of pregnancy independently associated with infant birthweight? Second, are these associations additive, or are they multiplicative as the cumulative stress model would suggest?
A strength of our study is that we are able to control for important confounders of maternal SES, such as the mother's own birthweight, grandmaternal health, the mother's height and the mother's health status. While the factors we control for are not exhaustive by any means, most studies of maternal SES and birthweight have only rudimentary controls for biological confounders of SES.
The data for our study come from a three-generation cohort study of urban residents. Eighty per cent of the population was African American, and the 20% who were European American were highly disadvantaged. The persistent disparity in birthweight between African Americans and European Americans is wellknown as is the fact that this disparity is narrower or even non-existent among low-income Americans compared with middle-or high-income Americans. 12, 13 The inability of scholars to 'account for' this disparity by introducing controls for SES, and its relative narrowness or non-existence when low-income populations are examined, suggests that the determinants of birthweight, both biological and environmental, might operate differently among African Americans and lowincome European Americans, a possibility that makes a focus on this population of high interest.
Methods

Study population
The database from which our study sample derives has been described in detail elsewhere.
14 It is from the Pathways to Adulthood Study (PAS), which comprises three groups of participants: (1) a group of women who presented for prenatal care at Johns Hopkins Hospital from 1960 to 1964 (hereafter called G-1s for first generation); (2) the children whose births prompted their mothers' entry into the study (G-2s); and the children of the G-2 children (G-3s). The PAS is a follow-up of the Johns Hopkins Collaborative Perinatal Study (JHCPS), which was part of a larger research project called the National Collaborative Perinatal Project. Data for the PAS were collected in the early 1990s when the G-2s were between 27 and 33 years of age, but the database also includes the data collected at the G-2s' birth and the follow-up.
The PAS investigators determined that 2694 G-2s and 2306 G-1s from the JHCPS were eligible to participate in the 1990s round of data collection that constituted the PAS. Of those eligible, 2220 G-2s and 2014 G-1s were located. Of those located, 1758 G-2s and 1552 G-1s completed a full interview in the 1990s round of data collection. The response rate for the G-2s was 65.3% [(1758/2694) ¥ 100]. The bulk of those not interviewed were never located (17.6%, n = 474). Other categories of G-2s who were not interviewed include those known to have died (3.2%, n = 88), those known to be alive for whom we obtained some critical pieces of information from a relative (2.6%, n = 71), and those not interviewed for other miscellaneous reasons (6.2%, n = 168). Only 5.0% of G-2s who were found refused to participate (n = 135). The response rate for the G-1s was 67.3% [(1552/2306) ¥ 100]; as was the case with the G-2s, most of those not interviewed were never located (12.7%, n = 292). Of course, due to their older age, a larger percentage of G-1s were known to be deceased (10.2%, n = 236). Only 6.5% of G-1s who were found refused to participate (n = 151).
Study sample
The unit of analysis for this study was the G-3. We made a number of selections to arrive at our study sample.
We began with the 2694 G-2s eligible for inclusion in the PAS. We excluded G-2s without complete G-2 and G-1 interviews (n = 1212), male G-2s (n = 674), female G-2s who had no children (n = 218), female G-2s whose G-1 interview was not carried out with their biological mothers (n = 29); and G-2s whose mothers reported being neither white nor black at entry into the JHCPS (n = 4). The resulting sample of G-2s was 554.
These 554 G-2s reported bearing a total of 1131 G-3s. We excluded G-3s whose birthweights were not recorded (n = 30), and those G-3s who were reported by the G-2 as not being normal at birth (n = 60). Also excluded were G-3s who were twins (n = 19) and an infant whose reported birthweight was <500 g (n = 1). Finally, we excluded those whose mothers reported having diabetes (n = 13).
Our data on births are clustered at two levels. Within our study sample of 1008 G-3s, there are both siblings (all the children of a single G-2), as well as first cousins (all of the grandchildren of a single G-1 with multiple G-2s in the PAS). Dealing with this multiple clustering is not entirely straightforward using standard software. Therefore, we made one further selection to derive the sample upon which these analyses are based. In this sample, we selected the offspring of all G-2s who were the only female child of a G-1 in the JHCPS, and the oldest female G-2 in the cases where a G-1 had multiple female G-2s in the JHCPS. The result was a final analysis sample of 987 infants.
Data sources
The protocols for the JHCPS included collecting prospective data on: (1) the health of the G-1 during G-2's pregnancy; (2) the birthweights of all the G-1's previous children; (3) the socio-economic attainment of the G-1; and (4) the cognitive, physical, social and emotional development of the G-2 at regular intervals from birth to age 8. The protocols for the PAS consisted of a number of types of data collection from both the G-1 and the G-2, including: (1) a complete birth/parental history on the G-2; (2) the birthweights of all G-3s; (3) data on the health of the G-2; and (4) a life history calendar from which it is possible to get dates of all the G-2's co-residential sexual partnerships (including marriages), educational milestones (such as high school graduation or college attendance), and spells of welfare (AFDC) receipt.
Outcome
The primary outcome is infant birthweight in grams. In our study sample, birthweight of G-3s ranged from 680 to 5358 g with a mean of 3175, median of 3232, and standard deviation of 637. Infant birthweight was reported by the G-2s. While the length of the recall period varied from 18 years to <1 year, studies have shown that mothers' recall of infant birthweight is reasonably accurate.
Covariates
We have five indicators of maternal SES during childhood. The first is an indicator of G-1 household income. PAS investigators constructed an index similar to the US poverty level based on the G-1's report of household income at the time of enrolment in the study. Just as in the case of the poverty level, a value of 1 indicates that the household income reported by the G-1 is equal to the year-specific poverty level for a household of her size. The second is G-1 education (less than high school, high school graduate or higher). The third is family structure (whether or not the G-2 lived with both parents from birth to 16 years of age). The fourth is G-2's number of siblings, and the fifth is programme participation (whether or not G-2's household received public assistance at either birth or age 7). All indicators of G-2 SES in childhood were reported by the G-1 in face-toface interviews that took place during G-1's pregnancy with G-2 and again when the G-2 was 7 years of age.
We have four indicators of maternal SES at the time of her pregnancy with the index infant: G-2 education; family structure (whether the G-2 was married or in a co-residential union at the time of her pregnancy); maternal activity status and programme participation (whether the G-2 was: neither working nor getting public assistance; working only; working and getting public assistance; or not working and getting public assistance); and G-2's age at the time of the focal birth. All these measures were reported by the G-2 in the life history calendar or the face-to-face interview. The life history data were then linked to the date of the focal infant's birth provided in the birth history.
In the analyses presented below, we control for a number of potential confounders. These include: G-3 sex, G-2's adult height, G-1 pre-pregnancy body mass index, median birthweight of the G-1's children born before the G-2, the deviation of G-2 birthweight from the G-1's median and G-2 multipara. In addition to these sex and stature variables, we control for four factors measuring the health of the G-3's mother and grandmother, which might have affected infant birthweight. These are: G-1 had a sexually transmitted disease (STD) before or during pregnancy with G-2, G-2 hospitalised at least once between birth and age 8, whether or not G-1 smoked during pregnancy with G-2, and whether or not the G-2 smoked during pregnancy with infant. We did examine maternal race (African American or European American), but it had no effect on birthweight, so we dropped it.
Analytical approach
This report is concerned with associations between maternal SES and infant birthweight. The analyses proceeded as outlined below. 1 The coding of the variables was based on univariable analyses of the variable in question and the outcome to discover non-linearities. On the basis of these analyses, we divided G-1s into two educational groups: those with less than high school, and those with a high school diploma or more. We divided G-2s into two educational groups as well: those with some college or more, and those with a high school diploma or less. Our preliminary analysis indicated that spline specification was the best way to code the income/needs ratio (a continuous variable). 17, 18 This specification permits the separate assessment of the effect of income for the poor and near poor (i.e. those with income needs ratios Յ1.5) and those who are not poor (i.e. those with income/needs ratios >1.5). 2 We used ordinary least squares regression to estimate the association of maternal SES in childhood and SES at the time of pregnancy with G-3 birthweight while controlling for potential confounders. Because our data are clustered at the family level (i.e. there are infants in our sample who are siblings), we adjusted for this clustering by using Generalised Estimating Equations (GEE) with robust standard errors. 3 Our model-building strategy consisted of entering variables in groups (e.g. G-2 health factors) to a model that included the infant sex, G-2 multipara and stature measures (median birthweight of the G-1's children, deviation of G-2's birthweight from this median and G-2 adult height). For the potential confounders, we only included those whose effects on birthweight were significant at the 0.10 level in preliminary multivariable analyses and which, when included, caused a 10% or more change in our estimates of the SES/birthweight association. 4 We checked for interactions between maternal SES in childhood and in adulthood.
Results
In Panel A of Table 1 , we present an attrition analysis that suggests that our sample is unbiased in terms of SES. Among the 2694 G-2s eligible for inclusion in PAS, the percentage of African American was 81.7; the comparable percentage in our study sample of 554 was 82.5.
Just over a quarter (25.2%) of the 2694 eligible G-2s had mothers with a high school diploma or more at their birth, while exactly 25% of the study sample of 554 were in this category. In Panel B of Table 1 , we present evidence regarding two of our G-3 exclusion criteria. We show that the median birthweight of 'normal' births was 3232 g, whereas the median birthweight for 'not normal' G-3s was 2325 g. It is usual in studies of birthweight to exclude infants with congenital anomalies, as many of these anomalies are known to cause fetal growth restriction and would therefore dilute analyses seeking to identify risk factors outside of the congenital anomaly pathway. As expected, G-3s born to diabetic mothers were heavier than others (a median of 3345 g, compared with 3203 g for non-diabetic mothers). Diabetes is known to be associated with higher birthweights but not necessarily healthy perinatal outcomes. Inclusion of births to women with diabetes may therefore dilute effects. Table 2 contains the distribution of all variables in the analysis, as well as the mean and standard deviation of birthweight for each category of each variable. The test of significance refers to the results of anova on birthweight using all the predictors in Table 1 .
The results of the additive multivariable model are in Table 3 . The use of GEE allowed us to estimate the correlation of birthweight among the siblings in our analysis that is not accounted for by the variables in our model: it was 0.23.
The G-1 health factors we considered and rejected for our final model included complications in the pregnancy with the G-2 and prior stillbirths or miscarriages before the G-2's birth. We also looked at a number of maternal anthropometry factors, such as G-2 head and chest circumference and placental weight. G-2 prior bad outcomes of pregnancy (stillbirths and miscarriages) did not affect infant birthweight and is not included in the model. Finally, we examined the effect of specific medical conditions of both the G-1 and the G-2 on G-3 birthweight, and only one (G-1 STD before or during pregnancy with G-2) was statistically significant. All the indicators of SES, however, are included in our final model as they are the variables of interest.
Mother's family structure in childhood, as indicated by co-residence with both biological/adoptive parents until age 16 and number of siblings, has no association with infant birthweight. When the income/needs ratio of the mother's household is held constant, infants whose mothers grew up in homes that received public assistance were, on average, 97 g [95% CI 3, 192] heavier than those who did not. Among the poor or near poor (those whose households were identified as being Յ1.5 of what they needed), there is no linear association between the income/needs ratio and birthweight. Among those living in households of adequate income, which we designate as having an income/ needs ratio of >1.5, we see a significant linear association between the income needs ratio and birthweight; the coefficient indicates, for example, that mothers whose households at birth had income needs ratios of 2.5 delivered infants who were, on average, 185 g [95% CI 70, 300] heavier than those whose households at birth were 1.5. This additive model indicates that Note: G-1 denotes women enrolled in the Johns Hopkins Collaborative Perinatal Study in 1960-64. G-2 denotes children whose birth prompted G-1s' entry into the study. G-3 denotes the index children born to the G-2s. a Denotes variables were entered into the model in continuous form.
infants whose grandmothers had a high school diploma or more were, on average, 117 g [95% CI 19, 216] heavier than those whose grandmothers had less than a high school degree. With respect to maternal SES at the time of the pregnancy, neither activity status (work and welfare receipt) nor marital status had an association with infant birthweight. Maternal age at pregnancy does have a non-linear association. At young maternal age, infants are heavier as age increases, but the association tapers off substantially by the time women reach their twenties (the addition of the quadratic term significantly improved the fit of the model: c 2 = 7.85, 1df). Mothers who had some college or more at the time of the infant's birth delivered infants 82 g [95% CI 4, 160] heavier than those infants whose mothers had a high school diploma or less.
We found one significant interaction between grandmaternal and maternal education. We included this interaction in our final model because its addition improved the overall fit of the model (c 2 = 7.04, 1df). Table 4 shows that, among infants whose mothers had relatively low levels of education, relatively high grandmaternal education had a significant positive association with birthweight: 181 g [95% CI 71, 292]. Relatively high grandmaternal education, however, has no association with birthweight at all among infants whose own mothers are relatively welleducated. We also checked for interactions between maternal SES and infant sex, and maternal SES and maternal birthweight, but none were found.
Discussion
We find that, in this urban, largely African American population, maternal SES exhibits associations with infant birthweight that are both statistically and clinically significant (i.e. approximately equivalent to the effect of smoking during pregnancy). These associations persist even after a set of biological factors such as average familial stature, grandmaternal health and maternal health are controlled. Many previous studies focusing on socio-economic effects on birthweight have not been able to control for these biological confounders.
We also find evidence that maternal SES in childhood and adulthood are each independently associated with infant birthweight. This finding does not support Preston et al.'s hypothesis of correlated environments. 8 The fact that the association of maternal High school diploma or less at pregnancy 0.0 Reference Note: G-1 denotes women enrolled in the Johns Hopkins Collaborative Perinatal Study in 1960-64. G-2 denotes children whose birth prompted G-1s' entry into the study. G-3 denotes the index children born to the G-2s. a Adjusted for all others reported in the table as well as infant sex, G-1's pre-pregnancy body mass index, the median birthweight of G-1's children, G-1 smoking during pregnancy with G-2, G-1 had a STD during or before pregnancy with G-2, G-2's deviation from the median birthweight of G-1's children, G-2's adult height, G-2 hospitalised before age 8, G-2's smoking during pregnancy with infant, and parity.
childhood SES and infant birthweight is positive does not support either the acquired immunity or the selection hypotheses, as both these hypotheses predict a negative association between maternal childhood SES and birthweight. The findings from our additive model offer some support for Preston et al.'s scarring hypothesis, whose proponents argue that low childhood SES results in permanent detriments to health that persist regardless of adult SES. The findings from our multiplicative model, however, are more supportive of a cumulative stress model. In this model, the health detriments associated with low SES are particularly pernicious when they are unrelenting across the lifespan.
Of course, our results are subject to some limitations. The most important is that we do not have very detailed information about the infants' health at birth (e.g. gestational age) such as one might obtain from a birth certificate. The 20-year lag between the most recent data collection and the penultimate one caused some attrition. Although all the measures of SES at the time of pregnancy that we include are precisely dated, we do not have data on income at the time of pregnancy as income is not well reported retrospectively.
With these limitations in mind, we call attention to two implications of our results for future research. First, studies that examine the effects of SES across the lifespan on health in adulthood -both intergenerational and intragenerational studies -should specifically examine whether or not the positive effects of growing up in a family that is relatively well-off are particularly important among those adults who have not themselves achieved high SES. Second, our findings call into question the utility of assessing the effects of maternal SES on infant birthweight by means of sibling comparisons that take advantage of intraindividual changes in maternal SES at the time of pregnancy with the index infant. Maternal SES in childhood, which cannot by definition vary across siblings, is held constant in such models, and they cannot tell us how it affects birthweight.
Among mothers who were born in households that were poor or near poor (an income/needs ratio of Յ1.5), there does not appear to be a gradient by income in birthweight, although these women do have smaller babies, on average, than women who were born into adequacy or affluence. Among the latter group (those mothers born into households with an income/needs ratio of >1.5), there is such a gradient. This finding underlines the idea that socio-economic health disparities are not merely the result of poverty. The fact that income exerted a more powerful effect among the nonpoor than the poor has implications for public policy. It suggests that small increases in household income for those near the poverty level (such as those that might be accomplished by moving from depending on welfare to work in the low-wage sector) may not be important for intergenerational outcomes, such as birthweight of the next generation. In contrast, public policy that increases mothers' human capital such that Note: G-1 denotes women enrolled in the Johns Hopkins Collaborative Perinatal Study in 1960-64. G-2 denotes children whose birth prompted G-1s' entry into the study. G-3 denotes the index children born to the G-2s. a Effects reported adjusted for G-2's family structure in childhood, G-2's number of siblings, G-1 received public assistance during G-2's childhood, income/needs ratio of G-2's household in childhood, G-2's activity status at pregnancy with index G-3, G-2's marital status at pregnancy with index G-3, G-2's age at first birth, G-3 infant sex, G-1's pre-pregnancy body mass index, the median birthweight of G-1's children, G-1 smoking during pregnancy with G-2, G-1 had a sexually transmitted disease during or before pregnancy with G-2, G-2's deviation from the median birthweight of G-1's children, G-2's adult height, G-2 hospitalised before age 8, G-2's smoking during pregnancy with G-3 infant and parity.
women can move from poverty or near poverty to adequacy or affluence, may have long-lasting consequences for those women's grandchildren. In sum, our results advance our understanding of the association between maternal SES throughout the lifespan on infant birthweight by demonstrating: (1) that maternal SES effects persist when important confounders are controlled; (2) that maternal SES across the life course, as well as at the time of pregnancy, is associated with infant birthweight; and (3) that childhood SES may exert its strongest effects on infant birthweight among women whose SES at the time of pregnancy is low.
These findings are very encouraging in some ways. By achieving high levels of education themselves, women appear to be able to erase any disadvantage in their children's birthweight associated with growing up in a household with a poorly educated mother. Moreover, among women who fail, for whatever reason, to translate the resources in their childhood home that derive from a highly educated mother into high levels of education for themselves, their childhood advantage still protects their infants. Despite this good news, our findings underline the vulnerability of infants born into families that experience persistent, intergenerational disadvantage.
